1. The rapid stimulation ofintestinal Ca2+ transport observed in vitamin D-deficient chicks after receiving 1,25-dihydroxycholecalciferol has necessitated a re-evaluation of the correlation hitherto observed between this stimulation and the induction of calciumbinding protein synthesis. By 1 h after a dose of 125ng of 1,25-dihydroxycholecalciferol, Ca2+ transport is increased. This is at least 2h before calcium-binding protein can be detected immunologically and 1 h before synthesis ofthe protein begins on polyribosomes, and thus the hormone stimulates Ca2+ transport before calcium-binding-protein biosynthesis is induced. 2. The maximum increase in Ca2+ transport observed after this dose of 1,25-dihydroxycholecalciferol (attained by 8h) is similar to that observed after 1.25-25jug of cholecalciferol, but the stimulation is only short-lived, in contrast with the effect observed after the vitamin. At later times after the hormone, however, when Ca2+ transport has declined to its basal rate, the cellular content of calcium-binding protein remains elevated. 3. Calcium-binding protein is synthesized on free rather than membrane-bound polyribosomes, which implies that it is an intracellular protein. 4. Rachitic chicks require the presence of dietary calcium for maximum stimulation of calcium-binding protein production by cholecalciferol. 5. These results suggest that calcium-binding protein is an intracellular protein, and that its synthesis may be a consequence of the raised intracellular calcium content of the intestinal epithelial cells resulting from 1,25-dihydroxycholecalciferol-stimulated Ca2+ transport. We propose that calcium-binding-protein synthesis is necessary for maintaining the stimulated rate of Ca2+ transport, which is initiated by other factors.
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There is now considerable evidence that, in the intestine at least, part of the mechanism of action of the hormonal metabolite of cholecalciferol, 1,25-dihydroxycholecalciferol, involves the stimulation of protein synthesis, and in particular of a protein with calcium-binding activity known as calcium-binding protein. This protein, first identified in the chick intestine (Wasserman et al., 1968) and subsequently found in many other species (see Wasserman et al., 1974b) , is the only component of the vitamin Dinduced Ca2+-transport system that has so far been identified. Calcium-binding protein is not found in the intestine of vitamin D-deficient animals and is synthesized de novo in response to cholecalciferol (Emtage et al., 1974a) and to 1,25-dihydroxycholecalciferol (Spencer et al., 1976a) .
The appearance of calcium-binding protein as one of the earliest responses of the deficient chick intestine to cholecalciferol and its metabolites was suggestive of a role for the protein in the intestinal absorption of Ca2+ ions. Supporting evidence for such a role includes a number of situations in which the amounts of calcium-binding protein change in a manner corresponding to changes in the ability of Vol. 170 the intestine to absorb Ca2+ (for reviews see Wasserman et al., 1974a,b) , but a more crucial requirement is that calcium-binding protein should be synthesized before or at the same time as an increase in intestinal Ca2+ absorption is observed. Such a correlation between the rate of appearance of calcium-binding protein and the increase in Ca2+ absorption induced by cholecalciferol was observed, provided that the protein concentration was measured by immunological procedures (Ebel et al., 1969; Emtage et al., 1974b) rather than by the less sensitive Chelex assay, which assesses total Ca2+-binding activity and not exclusively calcium-binding protein, and with which a correlation was not observed (Harmeyer & DeLuca, 1969) . Typically in the rachitic chick the biosynthesis of calcium-binding protein on polyribosomes begins 7h after a physiological dose of the vitamin, and the appearance of increasing amounts of immunologically detectable calcium-binding protein by 12h occurs in parallel with a significant increase in Ca2+ transport first observed at the same time (Emtage et al., 1974b) . Thus it has been accepted that calciumbinding protein plays a major role in Ca2+ absorption, although the mechanism of this role has still to be described.
In comparison with changes observed after administration of the vitamin, those in response to 1,25-dihydroxycholecalciferol occur more rapidly, but nevertheless the available information seemed to confirm a correlation between the appearance of calcium-binding protein and increased intestinal Ca2+ absorption (Wasserman et al., 1974b; Norman, 1974) . We have been interested in the initial biochemical changes induced in the chick intestine by this hormone, and as a result it has become apparent that conditions can be found when Ca2+ absorption occurs before the synthesis of calcium-binding protein. In the present studies, performed in vivo and in vitro, we show that at short and longer time-intervals after receiving the hormone the calcium-binding protein concentrations in the chick intestine do not correlate with its ability to absorb Ca2+ ions. We also demonstrate the probable intracellular location of the protein, and that rachitic birds require the presence of dietary calcium for the maximum stimulation of calcium-binding protein production by the vitamin. These findings have led us to propose that the synthesis of intestinal calcium-binding protein in the chick is a consequence of 1,25-dihydroxycholecalciferol-stimulated Ca2+ transport rather than the mediator of this process. A preliminary report of some of these findings has been published (Spencer et al., 1976b (Fraser & Kodicek, 1970 (Lawson & Wilson, 1974) and used after 3-4 weeks (unless otherwise stated). In some experiments birds were fed on the same diet but containing <0.02 % Ca, 0.9 % P (calcium-free diet) or 4.0 % Ca, 2.8 % P (high-calcium diet), and were given glass-distilled water to drink. 
Methods
Preparation of chick intestinal polyribosomes and polypeptide synthesis in vitro. Chick duodenal mucosa was homogenized in rat liver cell sap and polyribosomes were prepared as a routine by the method of Emtage et al. (1974a) . Occasionally other methods of preparing polyribosomes were used, as indicated in the text, thus.
(1) Treatment of the postmitochondrial supernatant with 0.1 % (w/v) sodium deoxycholate before processing in the usual way (Emtage et al., 1974a) .
(2) Membrane-bound polyribosomes were prepared from a crude microsomal pellet (prepared in rat liver cell sap) treated with 0.5 % (v/v) Nonidet P.40 (Harrison et al., 1974) . The microsomal supernatant was used as the source of free polyribosomes.
(3) Total ribosomes, polyribosomes and messenger ribonucleoprotein complexes were precipitated by Mg2+ treatment of a mucosal homogenate containing 2% (v/v) Triton X-100 as described by Palmiter (1974) .
Polypeptide synthesis in vitro, immunoprecipitation of the products with antiserum against calcium-binding protein, and subsequent analysis of the immunoprecipitate by sodium dodecyl sulphate/ polyacrylamide-gel electrophoresis were conducted as described previously (Spencer et al., 1976a) .
Preparation of intestinal cytosols. Intestinal mucosa was homogenized at 0°C with an equal volume of buffer containing 0.12M-NaCl, 4.74mM-KC1, 1 mM-fi-mercaptoethanol, and 13.7mM-Tris/ HCI, pH 7.4, and centrifuged for 1 h at 100000gaV,4°C.
Assay of calcium-binding protein in intestinal cytosols. Monospecific antiserum was prepared against chick intestinal calcium-binding protein purified to electrophoretic homogeneity by the method of Wasserman et al. (1968) , as described previously (Spencer et al., 1976a) . Calcium-binding protein was measured in intestinal cytosols by immunoelectrophoresis (Laurell, 1966) by using this antiserum and pure chick intestinal calcium-binding protein as the standard.
Measurement of intestinal Ca2`absorption in vivo. The ability of chicks to absorb 45Ca2+, given orally, into the blood was measured as described by Emtage et al. (1974b) .
Measurement of Ca2+ transport in vitro. Sacs constructed from 3.0 cm ofeverted ileum (distal to the yolk-sac remnant) were filled with 0.3 ml of medium containing 198mM-mannitol, 25mM-KCl, 1.2mM-1978 NaH2PO4, 25mM-NaHCO3, 1.2mM-MgSO4 20mM-glucose, 0.5 mM-CaCl2 and 45CaCI2 (40000 c.p.m./ ml) (Hurwitz et al., 1967) Time after 125 ng of 1,25-dihydroxycholecalciferol (h) Fig. 1 (Norman, 1974) . Thus there is apparently a maximum rate of Ca2+ transport (approx. 50 % greater than in Vol. 170 the controls) attainable that is independent of the dose of cholecalciferol (above 1 .25,ug/bird) and of the method of administration. As shown in Fig. 1 , the difference in response between birds dosed with cholecalciferol and 1,25-dihydroxycholecalciferol is that the maximum rate of Ca2+ transport is maintained for several days after the vitamin, but only for a few hours after the hormone. This reflects the continued production in the animal of the hormone from the vitamin over an extended period of time.
Site ofcalcium-binding-protein synthesis
The site of synthesis of calcium-binding protein within the intestinal cell was investigated by testing free and membrane-bound polyribosomes for their ability to synthesize calcium-binding protein in a cell-free system. Table 2 lists the recoveries of polyribosomal RNA obtained from chick intestine by various methods. Centrifugation of a postmitochondrial supernatant through a discontinuous sucrose density gradient as a routine yields 0.6-0.9mg of polyribosomal RNA/g of mucosa, consisting mainly of free polyribosomes with some monomeric ribosomal contamination (Emtage et al., 1974a) . Treatment of the post-mitochondrial supernatant with 1 % (w/v) sodium deoxycholate increases this yield to 1.1-1.4mg of polyribosomal RNA/g of mucosa, consisting ofboth free and membrane-bound 4 97 Gi Table 2 . Yield ofpolyribosomes obtainedfrom chick intestine by different methods Polyribosomes from the ileum and duodenum (after careful removal of the pancreas) were prepared from groups of two 4-week-old vitamin D-deficient chicks (Expts. 1-3) or from vitamin D-deficient chicks 72h after dosing with 12.5pg of cholecalciferol (Expts. 4-5) as described under 'Methods'. All chicks were starved overnight before being killed. In Expts. 1-3 yields of two separate experiments are given. The average yields of the different preparations are expressed as percentages of the yield obtained in Expt. (1) (Morrissey & Wasserman, 1971) .
Chicks raised on a vitamin D-deficient diet (containing 1.0% calcium) do not, however, exhibit the same types of adaptation to changes in their dietary calcium intake. Norman (1974) Chicks were raised from hatching on a vitamin D-deficient diet containing 1.0% Ca as described in the Experimental section. After 3 weeks on this diet, groups of chicks were transferred to the experimental diets (0% or 4.0% Ca) for the indicated number of days before being killed. In addition chicks in Expts. 4-6 were dosed orally with 1 2.5,ug of cholecalciferol 72h before being killed. Chicks in Expt. 7 were dosed orally twice weekly from hatching with 2.5pg of cholecalciferol and were killed at 3 weeks of age. Plasma calcium and intestinal calcium-binding-protein concentrations were determined as described under 'Methods'. Values given are the average for each group ± S.E.M. and were tested for significance by Student's t test: * P< 0.001 compared with all other values; ** P< 0.01 compared with control value (Expt. 4); *** P < 0.001 compared with control value (Expt. 4). to a calcium-free diet for 3 days, the amount of calcium-binding protein produced (1.03 mg/g of mucosa) was about half that which would have been produced if the birds had been kept on the normal calcium diet (Expt. 5). If the birds were pre-adapted to the calcium-free diet for 3 days before being dosed with cholecalciferol, and maintained on the calciumfree diet for a further 3 days, only very low amounts of calcium-binding protein (<0.4mg/g of mucosa) were produced (Expt. 6).
Expt
These results suggest that in rachitic birds the presence of dietary calcium is essential for maximum calcium-binding protein production. The requirement of vitamin D for calcium-binding protein production is apparent, however, since attempts to stimulate calcium-binding protein production in vitamin D-deficient chicks by placing them on a high-calcium diet (4 %) for 7 days were unsuccessful, although the plasma calcium concentrations were maintained (Table 4 , Expt. 3).
Discussion
In previous descriptions of the mechanism by which 1,25-dihydroxycholecalciferol acts in the intestine of animals, there has been a tendency to invoke intestinal calcium-binding protein as the connexion between the nuclear site of action of the hormone and the physiological response occurring in the remainder of the cell. The rapid accumulation of the hormone in the intestinal cell nuclei (Lawson & Emtage, 1974) , its effect in the intestine on RNA synthesis (Tsai & Norman, 1973) , RNA polymerase activity (Zerwekh et al., 1974) , DNA template capacity (Zerwekh et al., 1976) and the inhibition of the physiological response in vitro by actinomycin D and a-amanitin (Corradino, 1973) (Taylor & Wasserman, 1970) . Subsequent reports have not confirmed this finding (Morrissey et al., 1976; Arnold et al., 1976) , and the results presented here showing that the protein is synthesized on free polyribosomes is not consistent with it being a membrane-bound component, nor with its being destined for export from the cell (Blobel & Dobberstein, 1975 (Omdahl & Thornton, 1972) . 
